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Abstract:
By utilizing the exact mess of the N-terminael group, the amino acid

sequence can be’ determined from a variety of oligopeptides whose compon-—

ents '_i'_nclude‘”lh of the known amino acids. Most derivatives giving suitable

sample v‘apor" ?reésure and therma'lf stability can be useci if & mass measuring

accuracy of 2 ‘mmu is available. All histidine containing peptides run

as %he methyl esters appear ‘to have a H atom: .replaced’ by CHs. Automatic
i
measurement oi' the spectral data plus computer calculation and :x.nterpre-

]

A.,atn.on of this data glve promn.se that this method may fz.nd general use in

" protein research.

= Key‘ information leading to increased cndersté,nding of & number of i.m- RS

portant blological processes has been prov:.ded by the determ:.natlon of

B the am:.no acid sequence in part:.cu.‘b&r proteins. : Present common practice

" for such citetermixmaticms3 :mvolv‘es emvmat:.c digest:.on of the protem
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(3) For example, see C. H. In. W. K. Ln.u, end J. S. Dixon, J. Am. Chem.
~Soc., 88, 2050 (1966). ’

followed by column and paper chromatographic separation and purification

of the oligopeptide products. The sequence of amino acids in these pep- -

tides is then determined by & stepwise degradation procedure which is

‘monitored otal hydrolysis with amlno acid analysis by column chromaw

tography, a time -consuming procedure requiring relatively large samples.
An alternate source of structure information on particulér oligopeptides
which dsg utilizeSmuch smaller samples is indicated by recent publications

on the mass spectra of linear and cyclic peptides and depsipeptides.‘

(ka) E. Bricas, J. van Heijenoort, M. Barber, W. A. Wolstenholme, B. C.
Das, and E. Lederer, Biochemistry, %, 2254 (1965);

(ko) K. Heyns and H. F. Grutzmacher, Ann. Chem., 669, 189 (1963);

(ke) B. J. Millard, Tetrahedron lLetters, 1965, 30L1; -

(4d) F. Weygend, A. Prox, H. H. Fessel, and K. K. Sun, Z. F. Naturforsch.,
20b, 1169 (1965); ' \

(be) N. S. Wulfson, V. A. Puchkov, B. V. Rozinov, A+ M. Zyskin, M. M.
Shemyakin, Yu. A. Ovchinnikov, A. A. Klryuskm » and V. T. Ivenov,
Tetrahedron letters, 1965, 2795

We have recent;y re;por‘bed5 & mass spectrometric method which appears to be

(5) ‘M. Senn and F. W. Mclafferty, Biochem. Biophys. Res. Commun., _2, 381
(1966).

i

much more generally applicable and unequivocal, and is amenable to auto-
mated calculations. This method is based on recognition of the fact that,

barring i‘earrangements s the structure of a linear molecule is determined

unequivocally by using only the possible fragments which contain one end

of the chain. Thus in & hypothetical molecule A-B-C-D-E-F ouly six pieces




~is not necessary for the sequence detemina.tion.

3
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of the molecule containing partf A are possible without rearrangement, and

_ determination. of these will find the sequence of the parts mecmivocally

Many more combinations of these parts are possible, but their identiﬁca.tion

-

A number of methods for marking the end of the peptide chain are ’
possible ;43’ 5 high-resolution mass spectrometry appears to provide a gen~-
s
eral method. Application of the latter to the determination of amino acid

sequences has also been reported recently in parallel independeht work b
Tepox 2N 4 Y
]

"~ Biemann, Cone, and Webster. r almost any peptide derivative of suff:.-

(6) X. Biemann, C. Cone, and B. R. Webster, J. Am. Chem. Soc., to be pub-
liShed.. i

cient vo]atih.ty s the presence of the terminal functional group makes &

_ un,gue DASS contribtrtion to the exact mass of a particular fragment ion

which can be combmed with the predictable mass contributions of known:

i

'a.m:.no acids to 1d.entify the fragments containing the terminal group.. This
. . . !

method demsnds mass measurements of high accuracy on several hundred peaks

in the spectrum of an average oligopeptide; such determinations ‘are now

: possi‘ble on severa.l spectra per hour us:.ng & fully automatic comparator-

7
microdensitometer and computer techniques.s’ In the variety of peptide

(7) F. W. McIafferty, Science, 151, 641 (1966).

structures and derivatives examined to date it appears to be possible to

extend the use of the computer 4o the complete solution of the amino acid

: sequence in oligopeptides.

To obtain sufficient volatility and stability both the terminal amino"
and carboxy groups are converted to suitable derivatives. Table I shovws
examples of the types of compounds from which satisfactory spectra are ob-

tained.




Table I ..o -
Peptide

(1) _I:I.--brideuterioacetyl-ala-leu-ala-ml—ﬁl—ml methyl ester
(11) y_;trifluoroacetyl-leu-gly-phe meth;'l ester
(III) N-acetyl-pro-gly-phe gly methyl ester
(IV) E-trifluoroacetyl-his-pro-tyr methyl ester
(v) - E—trifluceoactet:,'...a.is -met-(8-O-methyl as-) methyl ester.
{VI) - N-trifluorocacetyl-pro-phe-his-leu methyl ester
(vII): N-—tndeuterioacetyl—pro-phe-his-leu-leu methyl ester
(vIIz) ‘N-carbobenzo:qr-val-(O-t-‘mrbyl glu) methyl ester
(D() _Ig-carbobenzoxy-i-lep-:(_S_-benzyl cys )-ser methyl ester~

(X) y_—darbobenzoxy-val—gly-ah-leu-ah methyl ester

i

190
215

235
o
190

A number of other peptides examined gave results similar to these. For

some other samples suitable deri;vatives could not be prepared, and in-

vestigation of these is continuing. Note, however, that among the com- '

The fragmentation patterns of a va.r:.ety of peptides show that

\ E cleavage of the chain involves two main pathways:

A: \Y;m.cnal.coim-cmz-co-'.;.NH-CHRQ-CO.Q-OR o

A,J- . A?j_ "Anjv'

B: Y-NH-CHRB-co-m-cmg-co-. . .Nn-caﬁ-co-on

S

[

y

it

i ponents of the peptides of Table I are Lk of the natural amino acids. -

These cleavages_may also bg.é,ccanpanied by’ thé rearrangement gain or lps_s '

 (a) Ion source temperature (°C) at which the mass spectrum was obtained. '

\
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of. a hydrogen atém. The relative probabilities of these reactions depend
on the particular peptide and derivative. "Amine fr"*zents" {those con-
taining the N-terminal group Y) are generally much more abundant than
"ester fragments" (those con'ba.ining the -COOR group)., In suita‘ble de- '

rivatives of peptides containing only gly, ala, va.l, ‘leu, pro, or phe, al-’

‘most all fragment lons correéponding to scheme A and scheme B could be

detected, in I-III, only the M - COOR) peak (Bg) in I is not found. For

the histida.ﬁe-l:ontaimng peptlae IV-ViI several frag..'"-.;n.e from scheme A

or B, or both, are missing.

The ester fragments from cleavages of the amide linkages in the chain’

| decrease: in sbundance very rapidly with increase of the chain length re-~
. L + . ] .
" tained by the' fragment; ester peaks detected correspond to HoN=CR,-COOR

+ B
and HoN-CHR,-COOR.

These pathways account for only a small fraction of the detectable
1ons in the observed spectra, but fortuna.‘be]y the exa.c‘b masses of these
ions usually are unique. Ambiguities can arise for valine or leucine by
the rearrangement loss of side-chain CaHg or C4Hg, respectively, yielding
8 peak which is identicael in mass to the correspoﬁding glycine-containing
fragment. In some cases, such as in the spectrum of II, such rearrangement
peaks are prominent; but in all spectra examined such pesaks g-j'e of lower
intensity than the corresponding peaks due to non-rearranged ions. The
occurrence of such.a rearrangement is an obvious conclusion when bé)th
glycine and valine (or leucine) are indicated as the next amino acid in

the sequence. _ - ‘ o 4 KIS

A surprising mnnber of- derivatives ‘appear to be of a. suita‘bly unique ;;

nass’ if the mass measurement accuracy is 'better than 3 mi]limss units

A . R v R ' ‘( o,
oo . ; . ! Lol

(mmu ) . Although N-terminal derivatives containing relative]y low proportione

PO - L 3
Vi v A t B b
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I 4-.01’ hydrogen have the greatest advan‘tage in terms of mass defects R the exact )

. . , .
;- TASS contr:«.butions of even CDauO- and, to a lesser ex uent ’ vFgC ‘""
) distinet

. cién‘b]g m in mbst ca.ses. s Such acetyl derivatives have the a.dvantage S

e

‘of sz.mphcity of preparation and high volatility, and glve suitable frag-
‘vmel‘nta.tlon patterns for many types of peptldes. Eowever ; more mvestigation-‘
q.s necessary to ﬁnd optimum derivatlves for particular a.mino acids frofn "
e ibhe po:n.n'b of view.of both thema.l stability a.nd. fra.gmentation pattems. . L
For emmp.Le » Of the caroooenzﬁx*y derivatb -ve examined, the dipeptide VIII "
gives in low abundance the peaks predicted by both schemes A and B, while
o the tripeptide IX only yields the amine fra.gmenté containing the N-terminal
amino acid (A; and B;), although. a molecular ion is produced. Pentapep-
tide X gives no sequence peaks corresﬁond.ing +0 scheme A and B and no
molecular ion, although othei' peaks in the spectrum are consistent withA
© its structure. ‘ |

Although satisfactory spectire can sometimes bg obtained from peptides -
containing the free car‘op:qu grbup ,» 1t is more satisfactory in general to
convert this to the methyl ester. The trideuheriomethyl ester derivative
2&% increases the ease of distinguishing the masses of the HaN-CRn-
COOR and HaN-CHRn-COOR pesks.

Géneral Method of Sequence Determination: Amino acid sequence is

elucidated utilizing a computer progrem of the following general format. - '

The first step is the identification of all peaks corresponding in mass to .

peaks possible from fragmentation schemes A and B. , The spectrum is first

i
v
A

- checked for a peak correspondmg to the sum of the exact masses of the N- s

“derivative moiety and the glycine um.t -NHCHZCO , for example, 1+6 03722 '

,(cnaco) + 57.02146 - 103 .05868 (see Table II) The search is repea‘ced o,

; «“. -
")‘. ’ . .
K . i

. mey. | T




N-Derivatives Mass

- CHgCO- : 43.01839 . o ;
CDsCO-- ? 146.03722

4

Amino acid

¥
Mass

CFsCO- : .96.99012 . : ‘ Yy

in the sequence for both of the possibilities; thls e.lmost always resolves' "

o of the newly-identif:.ed amino acid unit to the sum of exact msses des-

Amino acid Mass
Cgly 57.0211+6 asp-Q-CKs. 129.04259
ala’ TL.0371L met 131.040L8
ser 87.03203 his 137.05891
" pro  97.05276 glu-0-CHa 143 .05824
val | 99.06841 phe 147.06841
thr 101.04768 tyr 163 .66332
leu 113.08406 try ‘186 079351

using combinations of the N-derivetive with each of the other possible
amino acids. Fragment ibns corresponding to scheme B are checked by sub-
trac'&';ing the exact mass of CO (27.99491 amu) from each of these combin-
ations. Correspondence within experimental error of a fragment from either
scheme indicates the N-terminal amino acid. If more than one amino acid

is indicated as the next unit (ordinarily due to an experimental a.rtifa.ct'

' or measuring error), a.n a'btempt‘ is: made to detes the next a.mino ac:.d e

the amb:.gu:.ty. ¢ To .identify the unext amino acid wnit of the .cha.ln ) ‘c.his.

process is repeated » with the addition of the mass (ve.lue from Table II)

‘cribed a.'bove. 'I'his process is repeated until the sea.rch for an add.ltionaL

¢
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- 'noteworthy. Ions corresponding to the loss of the leucine chain are &t ;"

!
See”

~ chain member finds no suitable match for either A or B. ‘A check is now made

for the molecular ion by adding the exact mass of the ester group -OR to

the mass of the identified chain s Ap. A it then establishes the molecular
size, and the identification is complete.

For some larger peptides neither a peak ‘corresponding £o the next
amino acid by paths A or B nor one corresponding to the addition of -OR is
found. In these cases & check for a molecular ion at higher mass 1s made
us.ing the sum of A, + OR + each of the amino acid fragment masses (Table IT)

A similar seq_uence determination can be attempted from the C-terminal @nd

' using the ester fragments, making possible the structure elucidation of pep-

tides which gilve no molecular ion. Some typical fragment peaks, such as

. For example ’ if an amino acid which typically loses Hgo has been identified

in the earlier part of the computer program, the peak corresponding to

(A, + OCHs - H20) should be the (M Hz0) ion. ’

H

Certain’ peaks from other fragmentation pathways are also useful to

fcorroborate the seguence found. 'J.‘he use of r"dipeptide fragments con-. ¢ - ¢

,ta.im.ng two amino acid units will be illustrated in the spectrum of I.

. Exagr_oles.
CDaco-ala-leu—ala-ral-val-val-OCHa, (I)., The amino acid Sequence as

T * determined by the computer program is shown in figure 1; the bar graph of

f Fig.ure'.fl. ‘Qutput from computer interpretation of the mass spectrum of .

CDsco-ala-leu-ala -val-val-val-OCHe, (I )

o -' this spectrum at unit mass resolution is shown in figure 2. Peaks due to

,1 . N

(M-Hgo) , can also serve to indicate the molecular ion when it is absent. N R R

: M- 15) and (M 1«-2) (rearrangement loss of the valine side chain) are :,‘.’"«»3

if‘very‘ low intensity on the photoplate ’ a.nd there J.B no (M - COOCHa) » th ’




Bg fragment. Some peaks from pathways A and B are accompanied by peaks cone - .

tan.nlng one more Or one less hydrogen atom, such aa fragme“t Ba Masses ;?V'*.'

R
- 170, l8’+ and 198 have elemen'bal compositions corresponding to the "dipep.. L

: tide fragments" ala-val, ala-leu, and val-val, respectively; no peaks are |

;.'found corresponding in mass to ala.-.ala:or leu-val. The 'ba.ee peak in the |
spectrum &t masSs: T2 corresponds to the amine fragment of va.line, C4H10N H
" the correspom:.ng leuclne fragment is a'b n/e 86 (CsHy 2N ) The two ester ’

'peaks a.lso 1zg‘cate that valine is the C-terminal amino ecid.

+

CFSCO-leu-g]J-phe-OCH;; (IT). Table III. The s}pectrum shows abundant

 Table IIT

N-Trifluorocacetyl-leu-gly-phe-OCHg

scheme A . _ scheme B : scheme B

measured masses . calculated sequence calculated masses ‘measured masses

96.99012
% 113.08406 (leu) :

210.0726 [1.6] 210.07418 182.07927 182.0781 [1.1]

57.02146 (gly) : :
267.0956 [0.0] 267.09564 2%9.10073 - 239.0991 [1.6]

: 147.06841 (phe) .
Lik 1647 [0.7] 41k .16405 386.16914 386.1682 [0.9]
‘ - 31.01839 (OCHz) : ‘

45,1829 [0.5] L5, 1824

* error in millimass units

A; and B; fragment peaks which could indicate a.terminal CFsCO-gly. This
conclusion would then lead to finding leucine as the second amino acid.
However, the computer search of all possible amino acid combinations for
rragments Al and. B, also finds correspondence for leucine as the N-terminal

amino acid. Thus the misleading pea.k suggesting glycine is actually the

_V



0.0

peak from the rearrangement loss of C4Hg from the leucine side chain and

the computer Tinds the correct seguence CFsCl-leu-gly-.

CHaco-Pro-gg.y-phe-gly-OCHa (III). The computer solution of.the sequence

is shown in figure 3. Corroberation

is provided by dipeptide fragments at

Figure 3.

Output from the computer interpretation of the mass spectrum of

CH3CO-pro-gly-phe-gly-0CHg .

mass 154 for pro-gly aund at mass 204

peak at m/e 120 corresponding to the

smine fragment of phenylenla.m.ne.a

(8) H. F. Grittzmacher and K. ﬁeyns,
Pergamon Press, 1966.

"Advences in Mass Spectrometry”,

This spectrum shows an interesting indication of the importence of

wass measuring accuracy. ©Small pesks are found corresponding in mass to

- CHsCO-ala and CHsCO-ala-pro with errors of 4 and 6 mmu, respectively.

These would have caused considerable

confusion if the error limits:of the

exact mass determination has not been substantially smaller than these values.,

Use of some other derivative such as

CD3CO- in place of CHgCO- generally

decréases the possibility of such a.mbiguitieé.

Histidine-containing Peptides.

The spectra of all of the oligopep- '

tides containing histidine, IV-VII, exhibit anomolous pesks at 1l mass units

 above the molecular weight. (Only IV gives a peak corresponding in mass

to the expected molecﬁlar ion.) Exact mass measurements show that this

difference corresponds to CHz, indicating the replacement of a hydrogen

atom by a methyl group.

To ascertain the location of this postulated methyl

group, the sequence determination was also made searching for masses corres-

ponding to CHp above the key frégznents of sequences A and B. The resulis,

shown in Table IV, indicate that the extre methyl group is located on the
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Tabie Iv
v ‘ 84 VI

28 - Eragment

234.0505 (1.5) his  234.0476 (1.4) his - 194.0M45 (1.6) pro  143.0888 (1.1) pro A,

% NO NORY PAvind amcmdmam—ma 32 Lo Lt - e

248.0657 (1.9) 24B8.0642 (0.k4) A, + CHa
206.053% (0.7) (his) 206.0525 (1.8) (his) 166.048k (0.5) (pro) 115.0952 (0.2) (pro) B,
220.06g4 (0.6) 220,0678 . (1.9) . B +cH
331.1005 (1.5) pro - % 341.1104 (0.1) phe  290.1568 (1.5) phe A
3451157 (1.7) o ' ‘Ao + CHa
305.1059 (1.0) (pro). 357.0965 (1.9) met  313.1183 (1.9) (phe) 262.1640 (0.5) (phe) B,
517.1229 (0.k)  35L.1083 (1.9) Bs + CHz
* o # * * As
‘ asp
* 508.1482 (0.5) OCHs * 441.2341 (1.2) his Ay + CHo
* o 450.1772 (2.0) his * Bs .
% o o . 4641929 (1.9) 413.2564 (1.6) (his) By + CHz
* * A4
* * A, + CHo
i“ : 4 1 ¥ Co * :Bq,
o Q.a | * "'526.3202 (1.8) leu By '+ CHa
, * Ag + CHz
1 * ] Bs
*  Bg + CHa
525.1848 (1.3) tyr: o * ' * * oMo

539.1995 (0.4 ¢ $9.0645 (L.6) | 636.2880 (0.3) lew  69B.LLT8 (1.6) lew M' 4 CHa



o j'bo 'the hexadeuteno spec1es (error 0 li- mmu)

12.

histidine moiety. The abundances of the sequence peeks containing the non-
methylated histidine are too low to be detected in many cases. ‘
These a.nomolous ‘peaks may arise from some sorh of a tra.nsmethylatlon

which occurs on heaulng the samples in the mass spec«,rometer, s:.mllar arti-

facts have been observed. Alt erna‘c:.vely, the estenflca'blon to: form the

(9) ‘D. W. Thomas and K. Biemann, J. Am. Chem.: Soc., 87, 54T (1965). t

‘;methyl ester may also have al}quated a m.trogen a’tom on the msm.o.lne ring.
Further 1nvestlgatlon to- elucldate thls anomaly is currenuly in progress.

f.However, 'bhe effect does not appear to be unique t0 our esterlflcation

s

- -procedure, s as compound IV was supplied to us as the methyl ester. Es*ben- '
}"4.1ca'tn.on of compound V was repeated using the same procedure, but wrbh the

'suostl‘but:.on of CD30D for CH30H. The Bs sequence peak at mass 4&4 (Y-pro-

in

” phe-hls) is J.ncreased mass to correspond to the tr:.deutern.o species (error. . ;

2.2 mmu), and the (M + lh) at mass 61;2 is 1ncrea.sed in mass to correspondi

As an example of the value of hlgh resolutlon » compound V g;ves a sub-

o sL.antlal peak at m/e 465, whose nowu.nal mass could indicate the expected -

L :.<CF3CO-hlS-meu-aSPOCh3- (no extra met nyl group on uhe hn.s un.d:me) Howeverv,\‘“"'k‘:"’v'i‘(‘"'"' Ll

the exé,ct mass measurement of the peak disagrees with that expected for tnis'
ion by 1k mnu; the elemental composi'bion actually corresponds to the loss

of C3HgS from the molecular ion of the peptide containing the additiona.;
CHao. | |

Preparation of Peptide Derivatives.

Dizficulty was encountered in early derivative preparations with dis-
coloration of derivatives, thermal decomposition of samples in the ion

source, and poor reproducibility of spectra. Most of these difficulties

were overcome by using purified reagents and solvents, and by avoiding any"
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«. .. conmtact with metal or dust particles.

Es ue;nflcatlon. Approxmately 0.1-0. 6 mlcromo.z.es of the pepiide is

: dissolved 1n 1+O + lO p.l of 2-2 5 N HCl 1n abs. CKgOH 1n a reactlon flask
' N->

R _.’.made oy blown.ng A6 mn’ bulb in 'the end. of a8 2 mm capn.llary meltlng po:.m. tube.

= ".‘_:';'I'he v..op of she caplllary is sealed a.nd e.l_lowed to sta.nd overnlght at room - B8

uemperauure. The cap:.llary then is opened and the HCl/CHeOH evaporated in S

-

-Acxlat:.on. The residue is dissolved in 40 f‘_‘ 10 Wl of the following:
1l:1 acetic ac:ld/ace tic anhydride for the preparat:.on of N-acetyl derivatives;

CD3COOHl°/CH2012 for N-tndeuuerlo acetyl der:.va.ulves ; and 1:2 CFacOOH/

(10) From Merck, Sharpe and Dohme of Canada.

’(Cﬁaco) 20 for N-trifluorcacetyl derivatives. The solution is transferred
to an unmodified melting point cap:.llary, sealed and allowed to stand i- 6
hours at room temperature. After the capillary is opened the reagents are - ‘ '
evaporated off in vacuo. | |
After evaporation, the product generally is distributed over <the side's;
&as well as tlle bovtom oi capillary tube. Cutting the capillary tube can |
usually‘ giye' two parts, each with sufficient sample for a mass spectrum.
‘I‘ﬁis sample tube is directly introduced into the ion source of the
CEC 21.-110 high-resolution mass spectrometer of Mattauch-Herzog geometry.- 3
.Tk-xe .lon source temperatures necessary for ao.equate volatilization depend
on the nature of the sample (see Table >I).‘ Thermal decomposition can be
& proolem at hlgher molecular welghts; this can usually be detected by - \,
record:x.ng a separate spectrum at an 1ncreased temperature. Using & resolv:.ng

powver of roughly 12,000, spectra are recorded directly on a photoplate

with' perfluo;‘okerosene as an internal mass standard. Automatic measurement



rouu:.ne 'bool n.n am:.no acn.d sequence deuemnations, but ‘the prospects arg,,

‘A"'-?'f"f»promsmg. A't presenu the mettiod appears t0 be applicab.l.e %o the ‘n—aaor"'.‘:* e

P ?_; '

v

: l__fof ioﬁ%line profiles is ‘done‘with a Grant-Datex microdensi‘bometerf.compa",;atol.v'. .

' r.(z~11~<)f,_us;F~',~«rfl-I».‘*--Mc:Iaue; c,}', Sc:.ence"" 5 S ORL(1S667) .

| with computer calculations of exact masses to an error limit of * 2.5 mmu.
"Conélusicims. L L R S

A grea‘b deal needs “co be done be;ore «.his ‘cechm.g_ue can be used as &

¥

R -
.

e of amn.no ac:.ds, and. is cape.ble of glnng mformation no‘t. previgusly possrble ,-‘ ERAEE

q ‘.
! S el s

such as the presence of meuhyla'bed histidine. Sample requirements are’ nov( i
}l well below 0.l micromoles, and current work indicates that this can be sub- |
stantially reduced. The classical seciuence determination of an oligopep- ¢
'i;ide requiring & number of degz'adations and amino acid analyses can be re-
placed in this scheme by one mass spec‘cral]determination, and the mass spectral
" measurements and calculations appear to be amenable to complete autofnation."
Our current research program in this area includes a search for suitable
derivatives of peptides containing the remaining common amino acids, use

of other features of the mass spectrum and use of the mass spectra of o*bher‘,

te

derlvatives as corroboraulve evidence for '\sequence found, and apphcation ‘

of these techniques to completely unknown oligopeptides isolated from protein

hydrolysates.

Achﬂowledgements. The authors are indebted to Dr. A, Light of this depar’t-“
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‘the following for valuable su.pplies of peptide samples: Drs. G. Anderson,
lederle Iaboratories, F. M. Bumpus, Clevelasd Clinic; X. Eofmann, Univ. of
-s‘csburgh; P. G. Katsoyannis, Brookhaven National'Mbomtoxw; C. H. 1i,
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SEQUENCE

SAMPLE NUMBER 66~2

Ne=T: [PDEUTFROACETYL METHYL ESTER

THiZ TOLLOWING ARE T

SEQUENCE

IDENTITY
A-~1 ALLA
B-1 ALA
A-2 LEU
Bw2 LEU
A=3 ALA
B=3 AL.A
A=4q VAL
B4 VAL
A-5 VAL
B~5 VAL
B-6 VAL

MOL--TON

AMINO ACID

SEQUENCHE

TADYACALA L

ANALLYSLS

894079700
117073170

2024164000
2304158401

2734201201
3014196100

372267500
4004264310

4714336600
499,333301

5984402000

6226421000

CALLC

89,079410
1175074321

202163470
2304158380

2736200500
3014195491

372268990
4004263900

471 ,337400
499 ,337310

5984400721

G29:419110

IN THIS PERPTIDE 1S

EUORALA VAL

TVALL VAL

IN THIS PEPTIDE

FRIROR

~Qas29
1415

~0s5B3
0,402

~0470
~0sb61

1:49
~0a41

0,480
~0499

14328

~1,89

MTM\;% \
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ANNO !

FONANDAS Q1DV ONIWV =

NOI-"10W

ATIO =g
ATIS v~V

IHd €9
aHd €=V

A9 g-d
AT 2=V

Cdd 1-9
odd 1~V
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